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Introduction
Left ventricular (LV) aneurysm is a common compli-
cation of myocardial infarction. Dyskinetic aneurysms
distort the normal elliptical geometry of the left ven-
tricle and absorb LV ejection volume, leading ultimately
to cardiac failure. Medical therapy is typically ineffective,
thus requiring surgical intervention.
Surgical repair of LV aneurysm was first performed
by Likoff and Bailey in 1955.1 Subsequently, Cooley
and associates introduced the linear suture technique
with resection under cardiopulmonary bypass in 1958.2
There was no significant modification of this linear su-
ture technique until decades later, when a more physio-
logically orientated operative technique was introduced
by Jatene (circular reduction plasty)3 and modified by
Dor et al (endoventricular circular patch plasty).4 How-
ever, the most appropriate surgical approach for patients
with dyskinetic LV aneurysm remains a matter of
controversy.
In this retrospective study, we evaluated the short-
and mid-term outcomes of patients who underwent
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surgical repair of postinfarction dyskinetic LV aneurysm
by 2 different techniques, linear repair and endoven-
tricular circular patch plasty.
Methods
Patients
Between January 1996 and August 2006, 49 consecu-
tive patients underwent elective surgical repair of post-
infarction dyskinetic LV aneurysm at Taipei Veterans
General Hospital. Thirty-one (63.3%) patients under-
went patch repair, and 18 (36.7%) underwent linear
repair. The choice of surgical method was based on
the surgeon’s decision. The diagnosis of LV aneurysm
was made preoperatively by angiography (paradoxical
movement) and confirmed intraoperatively.
Baseline clinical data are summarized in Table 1.
The mean age was 69.8 ± 7.3 years (range, 48–82
years), with no difference in age between the 2 surgical
treatment groups. There were 43 males (25 patch, 18
linear) and 6 females (all patch). Twenty-five patients
(51.0%) were in New York Heart Association (NYHA)
functional class III or IV (48.4% in the patch group,
55.6% in the linear group; p = 0.730). Five patients in
the patch group required intra-aortic balloon pump
support preoperatively. Forty (81.6%) patients suffered
from angina preoperatively. Of these, 28 (57.1%) had
triple-vessel coronary disease, 9 (18.4%) had double-
vessel disease, and 3 (6.1%) had left main disease. All of
the aneurysms were in an anterior apical location, with
1 exception in the inferior wall (patch group). Radio-
nuclide ventriculography was used to measure left
(mean LVEF, 26.4 ± 7.8%) and right ventricular ejec-
tion fractions (mean RVEF, 51.5 ± 9.1%) pre- and post-
operatively. There was no difference between the 2
surgical groups with respect to preoperative LVEF and
RVEF. Spontaneous ventricular tachycardia was found
in 9 patients in the patch group preoperatively, with all
9 receiving cryoablation during aneurysm repair.
Operative technique
All operations were performed using cardiopulmonary
bypass and moderate systemic hypothermia (30–32°C).
Myocardial protection was performed by administration
of cold antegrade blood cardioplegia solution every
25 minutes with topical ice-water cooling. In cases with
concomitant bypass grafting, distal anastomoses were
performed first and additional cardioplegia was routed
through the grafts in the arrested hearts. The LV an-
eurysm was subsequently opened and the thrombus
removed if present. LV aneurysm repair was performed
on the beating heart. For linear repair, a portion of
the thinning wall was resected, and the edges were
sutured with 2 strips of Teflon using a combination of
mattress and continuous sutures. For patch repair, a
purse-string suture was placed along the transitional
zone, and an oval Dacron patch was anchored inside
the ventricle to exclude the scarred portion from the
effective residual cavity of the left ventricle. The excess
aneurysm wall was resected, and the residual portion
over the patch was closed with reinforcement by Teflon
felts. If spontaneous ventricular tachycardia was noted
preoperatively, the transitional zone of viable and
scarred tissue was identified and cryoablated without
endocardial mapping.
Table 1. Preoperative patient characteristics*
All patients (n = 49) Linear (n = 18) Patch (n = 31) p
Age (yr) 69.8 ± 7.3 69.8 ± 7.3 69.78 ± 7.8 0.977
Male sex 87.8 100.0 80.6 0.073
NYHA functional class 2.57 ± 0.61 2.61 ± 0.61 2.55 ± 0.62 0.730
Angina 81.6 94.4 74.2 0.119
Hypertension 65.3 72.2 61.3 0.753
Diabetes mellitus 36.7 27.8 41.9 0.356
Peripheral vascular disease 6.1 5.6 6.5 1.000
Chronic renal insufficiency 4.1 0.0 6.5 0.513
Left main disease 6.1 0.0 9.7 0.288
Triple-vessel disease 57.1 61.1 54.8 0.769
Anterior aneurysm 98.0 100.0 96.8 1.000
LVEF (%/pt) 26.4 ± 7.8 26.3 ± 9.0 26.5 ± 7.2 0.943
RVEF (%/pt) 51.5 ± 9.1 55.0 ± 6.3 49.4 ± 10.1 0.081
Spontaneous VT 18.4 0.0 29.0 0.018
*Data presented as mean ± standard deviation or %. NYHA = New York Heart Association; LVEF = left ventricular ejection fraction; RVEF = right ventricular ejection
fraction; VT = ventricular tachycardia.
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Anastomoses between venous grafts and the aorta
were performed after LV repair was completed. Revas-
cularization, including the area of the LV aneurysm,
was performed whenever indicated and technically pos-
sible. Pulmonary artery catheters were routinely utilized,
allowing measurement of hemodynamic parameters,
including mean pulmonary artery pressure (MPAP),
pulmonary wedge pressure (PWP), cardiac output and
cardiac index pre- and postoperatively.
Follow-up
Data obtained included survival, related complica-
tions, functional status, and hemodynamic parameters,
including MPAP, PWP, cardiac output, and cardiac
index pre- and postoperatively. All survivors were
scheduled for follow-up radionuclide ventriculographic
examinations.
Statistical analysis
Data were analyzed using SPSS version 10.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables are expressed
as mean ± standard deviation. Categorical variables are
presented as percentages. Groups were compared using
χ2 and Student’s t tests as appropriate. Cumulative
survival curves were calculated by the Kaplan-Meier
method, and the quality of the survival curves was eval-
uated by the log rank test. The significance of each
variable as a prognostic marker was first tested by uni-
variate analysis using a log-rank test. In multivariate
analysis, independent prognostic factors for survival were
determined using a Cox regression model. A p value
< 0.05 was considered to be statistically significant.
Results
Intraoperative variables
Intraoperative variables are summarized in Table 2. The
mean cross-clamp time was 106 ± 39 minutes (linear,
104 ± 40 minutes; patch, 108 ± 39 minutes), and the
mean cardiopulmonary bypass time was 178 ± 61 min-
utes (linear, 162 ± 64 minutes; patch, 187 ± 58 min-
utes), with no significant differences between the 2
surgical groups. Concomitant coronary artery bypass
grafting (CABG) was performed in 45 (91.8%) patients.
Of these, the left anterior descending coronary artery
was revascularized in 39 (79.6%) patients, with the left
internal mammary artery used in 14 (28.6%) patients.
There was no significant difference between the 2
groups with respect to the proportion of patients un-
dergoing CABG. The average number of coronary
anastomoses per patient was 2.2 ± 1.2 (linear, 2.6 ±
1.4; patch, 2.0 ± 1.1; p = 0.098). Cryoablation was per-
formed in 9 patients in the patch repair group for
spontaneous ventricular tachycardia.
Short-term results during hospitalization
The mean duration of intensive care unit stay was
9.3±12.2 days and that of hospital stay was 20.0±17.9
days, with no significant differences between the 2 sur-
gical treatment groups. In total, there were 6 deaths
during hospitalization (12.2%). Causes included pump
failure in 2 patients, ventricular arrhythmia in 1 patient,
sepsis in 2 patients, and acute respiratory distress syn-
drome in 1 patient. There was no significant difference
between the 2 surgical treatment groups with respect to
early mortality during hospitalization (linear, 2 deaths;
patch, 4 deaths; p = 1.000).
As with inhospital mortality, there was no significant
difference between the 2 surgical groups with respect to
postoperative complications (Table 3). Following the
operation, 9 (18.4%) patients presented with low car-
diac output syndrome. Another 8 (16.3%) patients re-
quired mechanical support (intra-aortic balloon pump
or extracorporeal membrane oxygenation) postopera-
tively, with 4 in the patch group and 4 in the linear
group. Five (10.2%) patients experienced supraventricu-
lar arrhythmias, typically atrial fibrillation. Two (4.1%)
Table 2. Intraoperative data*
All patients (n = 49) Linear (n = 18) Patch (n = 31) p
Cross-clamp time (min) 106 ± 39 104 ± 40 108 ± 39 0.716
CPB time (min) 178 ± 61 162 ± 64 187 ± 58 0.185
Concomitant CABG 91.8 88.9 93.5 0.618
LAD revascularization 79.6 77.8 80.6 1.000
Left IMA 28.6 27.8 29.0 1.000
No. of anastomoses (/pt) 2.2 ± 1.2 2.6 ± 1.4 2.0 ± 1.1 0.098
Cryoablation 18.4 0.0 29.0 0.018
Mitral valve repair 4.1 5.6 3.2 1.000
*Data presented as mean ± standard deviation or %. CPB = cardiopulmonary bypass; CABG = coronary artery bypass graft; LAD = left anterior descending
artery; IMA = internal mammary artery.
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patients had episodes of ventricular fibrillation or tachy-
cardia and required electrical treatment. Six (12.2%)
developed acute renal failure and required temporal
or permanent dialysis. Fourteen (28.6%) required ven-
tilator support for more than 72 hours. Finally, cere-
brovascular accidents occurred in 2 (4.1%) patients.
Re-exploration was required in 1 patient due to hem-
orrhage, and postoperative mediastinitis was found in
another patient. Postoperative hemodynamic data were
obtained in 39 patients in the same preoperative ino-
tropic condition (Table 4). There were no significant
differences between the 2 surgical treatment groups
with respect to pre- and postoperative MPAP, PWP,
and cardiac index. Notably, cardiac index improved in
both surgical repair groups after the operation (linear
group, p = 0.002; patch group, p < 0.001). Also, in the
patch group, PWP decreased from 16.1 ± 6.0 mmHg
to 11.0 ± 3.2 mmHg, but did not reach significance
(p = 0.207).
Mid-term results
The mean follow-up duration of the survivors was
44.0±34.4 months (range, 1.7–128.4 months). Follow-
up duration was 64.0±32.8 months in the linear group
and 32.1 ± 29.9 months in the patch group (p = 0.002).
Mid-term results are summarized in Table 5. Follow-
ing hospitalization, 8 (18.6%) patients died, with half
of these deaths due to cardiac-related causes. Other
causes of death included sepsis in 2 cases, prostate can-
cer in 1 case, and spontaneous intracranial hemorrhage
in 1. Reoperation of coronary artery bypass surgery
was done for 1 patient, and the result was favorable.
For all patients, the actuarial survivals at 1, 5 and
10 years were 85.7%, 69.9% and 45.7%, respectively.
Excluding patients who died during hospitalization,
the actuarial survivals for the same intervals were 97.7%,
79.6% and 52.1%, respectively. There were no sig-
nificant differences between the 2 groups (p = 0.875;
Figure 1).
Table 3. Early outcome results*
Variable All patients (n = 49) Linear (n = 18) Patch (n = 31) p
Surgical mortality 12.2 11.1 12.9 1.000
Low cardiac output 18.4 22.2 16.1 0.708
Mechanical support
IABP 24.5 22.2 25.8 0.225
ECMO 2.0 0.0 3.2 1.000
Supraventricular tachycardia 10.2 0.0 16.1 0.143
Ventricular tachycardia/fibrillation 4.1 5.6 3.2 1.000
Acute renal failure 12.2 11.1 12.9 1.000
Respiratory failure 28.6 16.7 35.5 0.202
Cerebrovascular accident 4.1 5.6 3.2 1.000
Mediastinal infection 2.0 0.0 3.2 1.000
Patient sent back to operating room, 2.0 5.6 0.0 0.364
wound reopened, checked bleeding
ICU stay (d) 9.3 ± 12.2 6.1 ± 6.2 11.2 ± 14.4 0.173
Hospital stay (d) 20.0 ± 17.9 15.4 ± 11.5 22.8 ± 20.5 0.183
*Data presented as % or mean ± standard deviation. IABP = intra-aortic balloon pumping; ECMO = extracorporeal membrane oxygenation; ICU = intensive 
care unit.
Table 4. Preoperative and postoperative hemodynamic parameters*
Preoperative (n = 16) Postoperative (n = 23)
Linear Patch p Linear Patch p
MPAP (mmHg) 21.1 ± 5.4 22.3 ± 7.1 0.548 23.6 ± 5.8 22.1 ± 7.0 0.484
PWP (mmHg) 14.4 ± 4.1 16.1 ± 6.0 0.291 14.9 ± 4.9 11.0 ± 3.2 0.159
Cardiac index 2.11 ± 0.78 1.97 ± 0.58 0.511 2.92 ± 0.54† 2.87 ± 0.37† 0.735
(mL/min/m2)
*Data presented as mean ± standard deviation; †p < 0.05 vs. preoperative level. MPAP = mean pulmonary artery pressure; PWP = pulmonary wedge pressure.
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Preoperative variables were assessed for their poten-
tial influence on survival after surgical repair. By uni-
variate analysis, preoperative NYHA functional class
(p = 0.025) and pulmonary artery pressure more than
30mmHg (p=0.014) were found to be associated with
increased overall mortality. Multivariate analysis identi-
fied preoperative NYHA functional class ≥3 (p=0.008)
as an independent risk factor for overall mortality
(Figure 2).
The NYHA functional class for all survivors im-
proved from 2.57±0.65 to 1.85±0.55 after linear repair
(p < 0.001), and from 2.46 ± 0.58 to 1.55 ± 0.51 after
patch repair (p < 0.001) at the last follow-up (Table 5).
Again, there was no significant difference between the
2 groups (p = 0.406).
LVEF improved from 26.5 ± 7.2% to 32.1 ± 7.7%
within 1 year (p = 0.001), and to 34.1 ± 7.9% by the
12-month follow-up (p < 0.001), for all survivors in
the patch group. Similarly, LVEF improved from
26.3 ± 9.0% to 28.3 ± 7.5% within 1 year (p = 0.157),
and to 32.0 ± 9.2% by the 12-month follow-up, in the
linear group (p = 0.032). However, RVEF exhibited 
a different response following the surgical repair pro-
cedures. In the patch group, RVEF improved from
49.4 ± 10.1% to 50.7 ± 9.2% within 1 year (p = 0.232),
and to 52.0 ± 7.3% by the 12-month follow-up (p =
0.190). In contrast, in the linear group, RVEF declined
from 55.0 ± 6.3% to 49.0 ± 9.7% within 1 year (p =
0.038), then returned to 50.3 ± 8.6% by the 12-month
follow-up (p = 0.029).
Discussion
Almost all ventricular aneurysms result from myocar-
dial infarction due to coronary artery disease. The LV
Figure 1. Cumulative survival for all patients who underwent patch
or linear repair, showing no significant difference (p = 0.875)
between the 2 groups.
Figure 2. Cumulative survival for all patients who underwent sur-
gical aneurysm repair according to preoperative functional class
(p = 0.008).
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Table 5. Mid-term outcomes*
Linear (n = 8) Patch (n = 14) p†
NYHA functional class 1.85 ± 0.55 1.55 ± 0.51 0.406‡
LVEF, < 12 mo (%) 28.3 ± 7.5 32.1 ± 7.7 0.157/0.001
RVEF, < 12 mo (%) 49.0 ± 9.7 50.7 ± 9.2 0.038/0.232
LVEF, > 12 mo (%) 32.0 ± 9.2 34.1 ± 7.9 0.032/< 0.001
RVEF, > 12 mo (%) 50.3 ± 8.6 52.0 ± 7.3 0.029/0.190
*Data presented as mean ± standard deviation; †p: comparison with preoperative data; ‡comparison of linear and patch groups. NYHA = New York Heart
Association; LVEF = left ventricular ejection fraction; RVEF = right ventricular ejection fraction.
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remodeling process is a natural consequence of trans-
mural myocardial infarction.5 It is characterized by
chamber dilatation and abnormal shape leading to sys-
tolic and diastolic dysfunction and, eventually, heart
failure. Resection of the dyskinetic area of the left ven-
tricle has been an accepted treatment in patients with
postinfarction congestive heart failure since it was first
performed successfully by Likoff and Bailey in 1954.1
Additional surgical approaches have been designed over
the years to abort and reverse remodeling, diminish
heart failure, and improve survival. Current concepts
of surgery for LV aneurysm include: (1) relief of ische-
mia by coronary revascularization; (2) reduction of
ventricular volume; (3) restoration of a more normal
ventricular geometry; and (4) reduction of volume
overload by mitral valve repair when appropriate.
The techniques for LV aneurysm repair are grossly
classified as linear repair or patch repair. The linear
repair technique was first introduced in 1958 by Cooley
and coworkers,2 and its various modifications have
remained the technique of choice in many instances.6–8
However, aneurysmectomy with linear closure may
distort left ventricle geometry and cause severe reduc-
tion in ventricular volume.9 Newer patch techniques
were designed to achieve a more normal geometry
during repair,3,4,10 and contribute theoretically to better
early and long-term outcomes.11,12 Although several
retrospective reports supported this point of view,13–15 a
number of retrospective clinical studies failed to dem-
onstrate any difference between the linear and patch
repair techniques.16–20 Hence, the most appropriate
surgical approach for the treatment of dyskinetic LV
aneurysm remains subject to debate.
In this study, we compared the short-term (during
hospitalization) and mid-term outcomes of 49 con-
secutive patients who underwent surgical repair of
postinfarction LV aneurysm with either the linear or
patch repair technique. The choice of surgical proce-
dure was at the discretion of the surgeon, taking into
consideration numerous factors, including location,
size of the LV cavity, and involvement of the interven-
tricular septum and subvalvular mitral apparatus. Most
cases of patch repair were performed after the year
2000 due to an acceptance by surgeons that this tech-
nique is better suited for restoration of ventricular
geometry. As such, there was a significant difference
in the duration of mid-term follow-up between the 
2 surgical treatment groups. However, there were no
differences in patient characteristics and preoperative
cardiac status, including LVEF, between the 2 groups.
Also, intraoperative management with respect to car-
diopulmonary bypass and myocardial protection strat-
egy was equivalent between the 2 groups, with the
exception of cryoablation. Revascularization by con-
comitant CABG was performed as completely as pos-
sible. Although the mean cardiopulmonary bypass
time was slightly longer in the patch group, statistical
significance was not achieved.
We found no significant differences in surgical mor-
tality and complications between the 2 groups. Total
surgical mortality was 12.2%, slightly higher than in
most other reports, which have ranged from 2% to
9%,6–8,13,14,17–21 but it compares favorably with the
result of Bolooki and colleagues.15 This may be due
to the peculiar population in our hospital, most of
whom were veterans of older age (mean, 69.8 ± 7.3
years) and lower preoperative LVEF (mean, 26.3 ±
7.8%). The mean age in our study was the highest
compared to all other reports, and preoperative LVEF
in our study ranked among the lowest. Furthermore,
we found a higher percentage of other important pre-
operative variables among the patients in our study,
including angina, diabetes mellitus and triple-vessel
coronary disease. The most common complications
after surgical repair included prolonged respiratory sup-
port (28.6%), low cardiac output (18.4%), acute renal
failure (12.2%), supraventricular arrhythmia (10.2%),
and mechanical support (10.2%). These results are com-
parable to those reported by other authors.13,16,17
Postoperatively, the cardiac index improved imme-
diately due to effective exclusion of the dyskinetic por-
tion of the left ventricle after aneurysm repair. However,
MPAP and PWP did not vary significantly. Although
wedge pressure decreased from 16.1 ± 6.0 mmHg to
11.0 ± 3.2 mmHg in the patch group, there was no
obvious change in the linear group. Although the dif-
ference was not significant in our study, this observa-
tion may indicate a tendency toward better diastolic
function due to improved geometry of the left ven-
tricle following patch repair. Consistent with this,
Schreuder et al also demonstrated acute improvement
in contractile state, energy efficiency, and relaxation
after LV aneurysm repair by the patch method.22
In this study, we found no difference in mid-term
survival between the 2 groups, and the actuarial sur-
vival rates (including hospital deaths) were, respec-
tively, 85.7%, 69.9% and 45.7% at 1, 5 and 10 years.
This is comparable to the survival rates reported by
other authors,17,19 superior to the rates reported by
Bolooki et al,15 and inferior to the rates in other re-
ports.14,16,18,20 Again, we believe that this is due to the
unique characteristics (older age, lower LVEF) of the
population that underwent surgical aneurysm repair
in our hospital. Cardiac-related causes are responsible
for about 50% of late deaths, similar to the report by
Vauthey et al.23
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In this study, we found significant improvement in
NYHA functional class and LVEF after surgical aneu-
rysm repair in both groups. Right ventricular function
has been studied in less detail, and we found different
results following linear and patch repair with respect
to changes in RVEF. With patch repair, RVEF did not
vary significantly; however, with linear repair, RVEF
declined significantly (p = 0.029). We know the major
disadvantage of linear repair is that the lateral and sep-
tal wall of the left ventricle are sutured together at a
point where they would naturally lie several centime-
ters apart, thereby significantly decreasing the func-
tional cavity size and distorting the natural geometry
of the left ventricle. The linear technique might also
distort the shape of the outflow tract of the right ven-
tricle. Further imaging studies are necessary to address
this issue.
Theoretically, patch remodeling can restore left
ventricle geometry to a more physiological shape,
thus achieving better short- and long-term outcomes.
In our study, we did not find significant differences in
improvement of NYHA functional class, LVEF, and
mid-term survival, with the exception of RVEF, be-
tween the 2 repair techniques. It should be noted that
postoperative RVEF did not influence mid-term sur-
vival in our study. If RVEF is low preoperatively, fur-
ther decrease in right ventricular function after linear
repair may become an important factor to be consid-
ered in choosing the method of repair.
In conclusion, we found that linear and patch repair
achieved similar results with respect to surgical mor-
tality and morbidity, as well as short- and mid-term
outcomes with the exception of RVEF. We think that
the technique used for LV aneurysm repair should be
adapted in each patient to restoration to more normal
geometry. Also, relieving ischemia with coronary re-
vascularization, mitral valve repair and intraoperative
cryoablation for aneurysm-related ventricular tachy-
cardia should be performed whenever possible to
improve survival. Our study was retrospective and not
randomized. Meanwhile, the sample size was not large
enough, and the 2 groups were operated on by sev-
eral surgeons. Undoubtedly, a prospective, randomized
trial with a larger group is needed to determine if the
choice of surgical technique, linear repair or patch
repair, results in different outcomes.
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